History
Proximal humerus fractures are the third most common fracture type in individuals older than 65 years, after distal radius and proximal femur fractures [8] . In 1970, Charles Neer described his four-segment classification system [18] . He believed the existing classifications were inadequate for research purposes, as they did not differentiate between injuries of varied severity nor did they group like fractures [5, 12, 18] . The classification systems at that time were based on the mechanism of injury or level of the fracture line, but did not consider many surgically important aspects or pathologic features of injury such as tuberosity displacement [18] . Forty years later, surgeons continue to use Neer's four-segment fracture classification system for proximal humerus fractures because it is useful in guiding treatment, grouping similar fracture patterns for research purposes, and explaining pathologic features of injury.
Neer's classification was based on careful analysis of radiographs and surgical findings from 300 proximal humerus fractures he treated at the New York Orthopaedic Hospital-Columbia Presbyterian Medical Center between 1953 and 1967 [18] . His classification system was based on an observation made much earlier by Codman, that all proximal humerus fractures were composed of four major segments: the lesser tuberosity, greater tuberosity, articular surface, and humeral shaft [7] . Neer added categories for articular surface fractures and dislocations, as he correctly observed these to be important prognostic factors. He sought to provide a conceptual framework to explain the pathoanatomy of proximal humerus fractures by accounting for displaced bone fragments, rotator cuff attachments, and vascular supply. His secondary aim was to catalogue the most common injury patterns for research purposes. In his original article, he described how characteristic patterns of displacement occur with each fracture type, and he explained how these result from the attached bone segments and the deforming forces generated by the rotator cuff [18] .
It has now been more than four decades since Charles Neer first introduced his classification system, and it has endured with relatively minor modifications. Neer noted that when the classification was first published in the Journal of Bone and Joint Surgery, the editor Dr. Thornton Brown insisted that he provide defined criteria for determining if a fragment was displaced [18, 20] . In response, Neer set 45°angulation and 1-cm separation as the thresholds for displacement. Ironically, these criteria have become the most recognizable and quotable features of the classification system. Neer acknowledged that these were somewhat arbitrary but embraced the editor's viewpoint that definitions were necessary for universal application. Aside from changes in the nomenclature of categories, the only other major modification was the addition of the valgus impacted four-part fracture category in 2002 [20] .
Classification System
The four-segment classification system defines proximal humerus fractures by the number of displaced segments or parts, with additional categories for articular fractures and dislocations (Fig. 1) . The potential segments involved are the greater tuberosity, lesser tuberosity, articular surface, and humeral diaphysis. A segment is defined as displaced if there is greater than 1 cm separation or 45°angulation.
One-Part Fractures
No fragments meet the criteria for displacement; a fracture with no fragments considered displaced is defined as a onepart fracture regardless of the actual number of fracture lines or their location.
Two-Part Fractures
One segment is displaced, which may be the greater tuberosity, lesser tuberosity, or articular segment at the level of the anatomic neck or surgical neck.
Three-Part Fractures
With a three-part fracture, one tuberosity is displaced and the surgical neck fracture is displaced. The remaining tuberosity is attached, which produces a rotational deformity.
Four-Part Fractures
All four segments (both tuberosities, the articular surface, and the shaft) meet criteria for displacement. The articular segment typically is laterally displaced and out of contact with the glenoid (Fig. 2 ). This is a severe injury and carries a high risk of avascular necrosis.
Valgus-Impacted Four-Part Fractures
Neer added this pattern (Fig. 2B ) as a separate category in 2002 [20] . In this situation, the head is rotated into a valgus posture and driven down between the tuberosities, which splay out to accommodate the head. Unlike in the classic four-part fracture, the articular surface maintains contact with the glenoid, and is not laterally displaced. This four-part fracture warranted its own category because the prognosis and treatment for this injury are different than those for the classic four-part fracture [20, 30] .
Fracture Dislocations and Articular Surface Injuries
Separate categories were added for dislocations because they represent more severe injuries, and are more likely to have avascular necrosis and heterotopic ossification develop. Similarly, articular surface fractures were placed in a separate category because of their unique treatment considerations. These come in two varieties, head-splitting fractures and impaction fractures.
Reliability/Utility
Numerous studies have examined the interobserver and intraobserver reliabilities of fracture classification systems. Concordance between observers often is expressed as a kappa value; this statistic ranges from zero (agreement attributable to chance alone) to 1.0 (complete agreement) [15, 16] .
The interobserver reliability of the Neer classification system has ranged between 0.21 and 0.64, while the intraobserver reliability is somewhat better between 0.5 and 0.8 [4, [24] [25] [26] . This is comparable to the reliability of the AO proximal humerus fracture classification system, and fracture classification systems pertaining to other areas such as the ankle, femur, and scaphoid [1, 6, 9, 25, 26] . Although interobserver reliability with Neer's classification is variable, and tends to hover in the moderate range, we identified no other system for evaluating these fractures that is consistently more reliable than the Neer classification.
The reliability of the system is greater when moreexperienced observers or shoulder specialists examine the radiographs [14, 24] . It has been suggested that some of the observed variability may be attributable to difficulty interpreting the patterns of complex three-dimensional (3-D) fractures on two-dimensional plain radiographs [23] . The addition of advanced imaging techniques improves the intraobserver reliability, however there is no clear evidence that interobserver reliability is increased. Brunner et al. reported a modest increase in the interobserver reliability with the addition of CT images [6] , whereas other authors have reported minimal or no improvement [4, 26] . Likewise, investigators disagree regarding whether 3-D CT reconstructions improve reliability. Brunner et al. found 3-D CT analysis increased reliability to excellent ([ 0.80) [6] , whereas Sjoden et al. found no benefit [26] .
Although inadequate radiographic representation likely confounds application of the classification system it cannot account for all observed inconsistency. Majed et al. found inadequate reliability between senior shoulder specialists even when they were presented with a physical model of the fracture [17] . This clearly shows that some of the problems are related to variable application of the classification system even among experienced shoulder surgeons.
Some have opined that the observed inconsistencies in reliability using Neer's schema are a function of the large number of categories, and the difficulty of estimating whether a fragment meets the definition of displacement established by Neer [14, 23, 24] . Interestingly, though, the reliability did not improve in several studies when the classification was simplified to four categories (one part, two part, three part, and four part), or when the criteria for displaced fragments were removed [4, 14, 24] . The Neer classification system has a moderate degree of concordance between observers, which is comparable to other fracture classification systems, and there appear to be no reproducible strategies for increasing this degree of reliability.
The utility of a fracture classification system may be measured by its ability to predict a clinical result or event such as fracture union, avascular necrosis, or restoration of painless function. In the case of proximal humerus fractures, this is difficult, because there are many variables other than the fracture pattern that influence the clinical outcome, including the patient's age, comorbidities, bone quality, associated injuries, and reduction quality. Nevertheless, a couple studies have reported a correlation between the Neer classification and clinical outcome scores [29, 32] (Fig. 3) . Two meta-analyses have shown that the Constant-Murley scores decrease as the number of Neer fracture parts increases [29, 32] . A regression analysis showed that this predictive value is largely explained by a correlation between intraoperative and postoperative complications and increased parts [31] .
Neer also believed that the four-segment classification system would help predict the incidence of avascular In Brief: The Neer Classification 41 necrosis (AVN) because it focused on understanding the soft tissue attachments to the humeral head and the vascular supply. In particular, he believed that four-part fractures were especially prone to AVN because ''in all four part lesions the blood supply to the humeral head has been severed'' [18] . He found AVN in greater than 50% of these fractures and advocated for arthroplasty in their treatment [19, 20] . However, subsequent research has not found a four-part injury predicts AVN [10, 33] . In fact, no particular fracture characteristics consistently predict AVN [21] . Bastian and Hertel [3] and Hertel et al. [11] measured blood flow to the humeral head of proximal humerus fractures intraoperatively and found that a disrupted medial cortical hinge and short (\ 8 mm) metaphyseal extension were correlated with poor perfusion, but even this did not predict the occurrence of avascular necrosis.
Limitations
The most commonly cited limitations of this fracture system are the arbitrary definition of displacement, the difficulty in estimating if a fragment is displaced, and limited interobserver reliability. The Neer classification system also is limited in its ability to differentiate among the many patterns of minimally displaced fractures. This group of fractures includes greater than 80% of proximal humerus fractures but, in fact, represent a variety of injury patterns and outcomes. Koval et al. reviewed 104 patients with minimally displaced fractures treated with physiotherapy [13] . Although most patients had a good outcome, 23% had a fair or poor result. There may be fracture and patient characteristics not included in the Neer classification system that predict these lesser outcomes. Bahrs et al. reviewed a series of one-part fractures and found intraarticular extension, tuberosity displacement greater than 5 mm, and 15°angulation were associated with decreased clinical outcomes [2] . These studies suggest that the Neer classification may not sufficiently predict prognosis in patients with the most common injury pattern. The pattern of fracture displacement-as much or more than the number of parts as defined by Neer-likewise appears to affect prognosis. Solberg et al. found the direction of displacement (varus versus valgus) predicted functional outcome, with valgus fractures faring better than varus fracture patterns [28] . In addition, the length of the metaphyseal attachment to the articular surface may affect prognosis [11, 27, 28] .
Conclusions
The Neer fracture classification system provides a useful framework for clinical assessment of and research for proximal humerus fractures. This classification system has moderate interobserver reliability, and correlates to a large degree (albeit not perfectly) with complications and functional results. There are limitations to the four-segment classification system, including limited ability to distinguish among the many patterns of one-part fractures, inconsistent application among observers, and an arbitrary (and perhaps insufficiently stringent) definition of displacement. Furthermore, the Neer system does not incorporate several variables such as the length of the metaphyseal hinge, magnitude of initial displacement, and varus displacement that predict clinical outcome scores.
The strength of the four-segment classification system is its ability to separate proximal humerus fractures into broad categories, which are intuitively understood and which have important differences. The classification is widely used by surgeons because, at least broadly speaking, it has been found useful to guide treatment, anticipate prognosis, and group similar fracture patterns for research purposes. The classification system also is pedagogically useful for orthopaedic trainees in that it helps explain how the deforming forces around the joint cause the observed patterns of fracture displacement.
When clinically applying the Neer classification system we find it helpful to consider a few additional factors such as the presence of varus displacement, medial comminution, and poor bone quality. These attributes contribute to decreased biomechanical stability after open reduction and internal fixation and consequently are associated with varus collapse, articular screw penetration, and lesser outcomes [22, 27, 28, 31] . None of the above factors are absolute contraindications to internal fixation, but the alternatives of hemiarthroplasty or nonoperative management might be more heavily considered in those situations.
